Right heart pressures, electrocardiograms, blood gases, and peak expiratory flow rates were measured in nine patients admitted to hospital with severe bronchial asthma. Low or normal right heart pressures were found despite electrocardiographic changes in five patients consisting of right atrial P waves, abnormal right axis deviation, and in one patient T-wave changes in precordial leads. These electrocardiographic changes reverted towards normal on recovery of the patient from the asthmatic attack.
Electrocardiographic changes suggestive of right heart embarrassment have been noted in acute bronchial asthma, particularly right atrial P waves (P pulmonale) and abnormal right axis deviation (Harkavy and Romanoff, 1942; Miyamato, Bastaroli, and Hoffman, 1961; Ambiavagar, Jones and Roberts, 1967) . These observations raise the possibility that death in bronchial asthma may be due to acute cor pulmonale although necropsy evidence is against this suggestion (Earle, 1953; Houston, de Navasquez, and Trounce, 1953) . Cardiac catheter studies in asthmatics have with few exceptions been made during remission of symptoms.
In the present study a miniature cardiac catheterization technique (Bradley, 1964) has been used to measure right heart pressures during acute attacks of asthma in an attempt to determine the significance of the electrocardiographic changes. The results have been assessed in relation to the blood gases and peak expiratory flow rates. All the patients had asthma (as defined by the Ciba Guest Symposium, 1959) , some had additional chronic bronchitis (as defined by the Medical Research Council, 1965) , and all had been admitted to hospital because of the severity of dyspnoea.
METHODS
An attempt was made by clinical examination, chest radiographs, and electrocardiograms to exclude cardiopulmonary disease other than bronchial asthma (with or without bronchitis). Patients received conventional treatment and the investigation was performed as soon as possible after admission and after a full explanation and request for co-operation. No patient under 21 years of age or with important psychogenic factors was asked to participate.
The procedure was carried out in the general ward with the patient in the sitting position supported at 60 to 90 degrees to the horizontal because orthopnoea was always present. Immediately after catheterization the peak expiratory flow rate was measured with a Wright peak flow meter (Wright and McKerrow, 1959 ) and blood (capillary or arterial) was taken for measurement of pH, Pco2, and standard bicarbonate by the Astrup method (Astrup, J0rgensen, Andersen, and Engel, 1960 axis deviation were the commonest changes observed and each of these might be present without the other (Fig. 4) . Other features noted were clockwise rotation, right bundle-branch block, and T-wave inversion. As indicated in the Table, most of these changes were transient.
Right heart pressures were uninfluenced by the small degrees of respiratory acidosis (patient 4) or the metabolic acidosis (patients 6 and 8).
DISCUSSION
The pressures recorded were surprisingly low in view of the electrocardiographic changes and do not agree with the findings of other workers, as discussed later. Pressure measurements made from the sternomanubrial junction as the zero reference point are about 4 mmHg lower than those using the mid right atrium. However, even if this figure is added, the highest pressure recorded was only 31/8 mmHg.
Most cardiac catheterizations are carried out on supine subjects, whereas in this study the asthmatics could not lie flat. The effect of posture on right heart pressures has been studied by Donald, Bishop, Cumming, and Wade (1953) and by Lagerlof, Eliasch, Werko, and Berglund (1951) (Figs la and 2a) : on sitting up from the supine position the pulse pressure fell in all patients studied, but in patients with pulmonary hypertension the systolic and diastolic pressures both fell. It is an open question, therefore, whether the pressures in the present series would be higher had the patients been flat, as they were in the studies now to be discussed. Williams and Zohman (1960) and Irnell (1964) noted moderate pulmonary hypertension on exercise in some but not all of the asthmatic patients they studied. Zimmerman (1951) and Helander, Lindell, Soderholm, and Westling (1962) noted a rise in pulmonary artery pressure in half of their patients in whom asthmatic attacks had been artificially induced. These patients were studied in the supine position; patients in whom bronchoconstriction is artificially induced may be distressed by the need to remain flat and this could contribute to the rise in pulmonary artery pressure. Harris and Heath (1962a) The pulmonary hypertension noted by other observers in bronchial asthma could be due to hypoxaemia, which is commoner in bronchial asthma than was once thought (Palmer and Diament, 1967; Tai and Read, 1967; Waddell, Emerson, and Gunstone, 1967 The absence of pulmonary hypertension leaves undetermined the cause of these changes. The over-distension of the lungs and descent of the diaphragm might account for the axis changes but the right atrial P waves and other changes are less easily explained. Relevant to this discussion is the observation by Mayerson and Davis (1942) that in normal subjects passive tilting to the vertical position caused the following electrocardiographic changes-an increase in the amplitude of the P waves, a decrease in the amplitude of the T waves, and a shift of the QRS axis to the right and of the T-wave axis to the left. They quote observations suggesting that sympathetic activity may be partly responsible for these changes. That the position of the heart changes considerably in bronchial asthma is well demonstrated in the chest radiographs reproduced by Riding and Ambiavagar (1967) . Furthermore, an erect posture is usually assumed by patients with severe bronchospasm in whom there is much sympathetic (or sympathomimetic) activity. 
